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atients with acute coronary syndromes without ST-segment elevation are at risk for adverse cardiac events. 1 Optimal treatment consists of intensive medical therapy followed by diagnostic coronary angiography and revascularization in some patients. In five large, randomized trials (Veterans Affairs Non-Q-Wave Infarction Strategies in Hospital [VANQWISH], Fragmin and Fast Revascularization during Instability in Coronary Artery Disease [FRISC] II, Treat Angina with Aggrastat and Determine Cost of Therapy with an Invasive or Conservative Strategy-Thrombolysis in Myocardial Infarction 18 [TACTICS-TIMI 18], TIMI IIIB, and the Third Randomized Intervention Treatment of Angina [RITA-3]), a routine, early invasive strategy (early angiography followed by revascularization, depending on angiographic findings) was compared with a "conservative" strategy (angiography and subsequent revascularization only if medical therapy failed or substantial residual ischemia was documented). [2] [3] [4] [5] [6] An early invasive strategy was shown to be beneficial in the FRISC II, TACTICS-TIMI 18, and RITA-3 studies, especially in subgroups of patients at high risk, such as those presenting with an elevated cardiac troponin level. As a result, recent guidelines of the American College of Cardiology-American Heart Association and the European Society of Cardiology recommend an early invasive approach in high-risk patients with acute coronary syndromes without ST-segment elevation. 7, 8 Despite these recommendations, it is not clear that an early invasive strategy reduces mortality in this setting. A reduction in mortality was shown in the FRISC II study, but only among men. Such a reduction was not seen in any of the other studies. In addition, the reduction in the incidence of myocardial infarction associated with an early invasive strategy in these studies depended on the definition of myocardial infarction. Moreover, recent advances in medical therapy, such as the early use of clopidogrel and intensive lipid-lowering therapy, have been shown to improve the prognosis in patients with acute coronary syndromes. 9, 10 These therapies have not been tested in trials of early invasive strategies. Therefore, we conducted the present study to test the hypothesis that an early invasive strategy is superior to a selectively invasive strategy for patients who have acute coronary syndromes without ST-segment elevation and with an elevated cardiac troponin T level. study population and study design Between July 2001 and August 2003, 1200 patients were enrolled from 42 Dutch hospitals, 12 of which were high-volume centers with facilities for percutaneous coronary intervention and on-site cardiac surgery. The protocol was approved by all the local institutional review boards. All patients gave written informed consent. The trial was funded by a combination of sources. The sponsors had no involvement in the design of the study, data collection or analysis, or the writing of the manuscript.
Eligible patients had to have all three of the following: symptoms of ischemia that were increasing or occurred at rest, with the last episode occurring no more than 24 hours before randomization; an elevated cardiac troponin T level (≥0.03 µ g per liter); and either ischemic changes as assessed by electrocardiography (defined as ST-segment depression or transient ST-segment elevation exceeding 0.05 mV, or T-wave inversion of ≥0.2 mV in two contiguous leads) or a documented history of coronary artery disease as evidenced by previous myocardial infarction, findings on previous coronary angiography, or a positive exercise test. Exclusion criteria were an age younger than 18 years or older than 80 years, myocardial infarction with ST-segment elevation in the past 48 hours, an indication for primary percutaneous coronary intervention or fibrinolytic therapy, hemodynamic instability or overt congestive heart failure, the use of oral anticoagulant drugs in the past 7 days, fibrinolytic treatment within the past 96 hours, percutaneous coronary intervention within the past 14 days, a contraindication to treatment with percutaneous coronary intervention or glycoprotein IIb/IIIa inhibitors, recent trauma or risk of bleeding, hypertension despite treatment (i.e., systolic pressure >180 mm Hg or diastolic pressure >100 mm Hg), weight greater than 120 kg, or inability to give informed consent.
optimized medical therapy
The protocol specified that patients receive 300 mg of aspirin at the time of randomization, followed by at least 75 mg daily indefinitely, and enoxaparin (1 mg per kilogram of body weight, to a maximum of 80 mg) twice daily subcutaneously for at least 48 hours. Patients already started on unfraction-ated heparin were switched to enoxaparin immediately after randomization. The early use of clopidogrel (300 mg immediately, followed by 75 mg daily) in combination with aspirin was recommended to the investigators after the drug was approved in 2002 for the indication of acute coronary syndromes. 9 All interventional procedures during the initial hospital phase were performed with the use of abciximab, given as a bolus dose of 0.25 mg per kilogram, followed by an infusion of 0.125 µ g per kilogram per minute for 12 hours, and started 10 to 60 minutes before the first balloon inflation. 11 Abciximab was also available for use in patients who subsequently underwent percutaneous revascularization. The protocol recommended intensive lipid-lowering therapy, preferably 80 mg of atorvastatin daily or the equivalent, started as soon as possible after randomization and continued indefinitely. The level of the MB isoform of creatine kinase (CK-MB) was measured at 6-hour intervals during the first period of 24 hours or more after admission, after each new clinical episode of ischemia, and after each percutaneous revascularization procedure.
treatment strategy
Patients were randomly assigned to an early invasive strategy or a selectively invasive strategy with the use of a central telephone system. Permutedblock randomization was performed, with stratification according to site, with block size randomly chosen to be four, six, or eight. Patients assigned to the early invasive strategy were scheduled to undergo angiography within 24 to 48 hours after randomization and percutaneous coronary intervention when appropriate on the basis of the coronary anatomy. Coronary-artery bypass grafting was recommended in patients with extensive three-vessel disease or severe left main-stem disease and was to be performed as soon as possible during the initial hospitalization period.
Patients assigned to the selectively invasive strategy were treated medically. These patients were scheduled to undergo angiography and subsequent revascularization only if they had refractory angina despite optimal medical treatment, hemodynamic or rhythmic instability, or clinically significant ischemia on the predischarge exercise test. Coronary angiography and revascularization after the initial hospital phase were performed if severe anginal symptoms (i.e., Canadian Cardiovascular Society [CCS] class III or IV) persisted despite optimal antianginal medication or if ischemia was documented on subsequent testing. Follow-up outpatient visits occurred at 1, 6, and 12 months after randomization.
end points
The primary end point was a composite of death, recurrent myocardial infarction, or rehospitalization for angina within one year after randomization. Death was defined as death from any cause. Myocardial infarction was defined as documented myocardial necrosis, occurring either spontaneously or in the setting of percutaneous intervention, according to the recommendations of the Joint European Society of Cardiology-American College of Cardiology Committee for the Redefinition of Myocardial Infarction. 12 Myocardial necrosis was defined by an elevation in the CK-MB level above the upper limit of normal. In the event of an elevated CK-MB level at randomization, recurrent myocardial infarction during the first 48 hours was diagnosed when there was a 50 percent decrease from a previous peak value, followed by a subsequent rise to a level exceeding the upper limit of normal. A myocardial infarction in the setting of coronary-artery bypass grafting required the occurrence of electrocardiographic evidence of new Q waves.
Major bleeding not related to coronary-artery bypass grafting during the index admission was defined by at least one of the following: fatal bleeding, intracranial bleeding, a need for blood transfusion, a decrease of 3 mmol per liter (4.8 g per deciliter) or more in hemoglobin levels, and bleeding resulting in hemodynamic compromise. All end points were adjudicated by members of an independent clinical end-points committee, who were unaware of the treatment assignments of the patients.
statistical analysis
We calculated that, given a 21 percent incidence of the primary end point in the group assigned to an early invasive strategy, 1200 patients would be needed to provide the study with 80 percent power to detect a relative risk reduction of 25 percent between the two groups, at an alpha level of 0.05. Continuous variables with normal distributions are expressed as means ±SD and were compared with the use of an unpaired Student's t-test. Categorical variables were compared with the use of Fisher's exact test or the chi-square test, where appropriate. All reported P values are two-sided and not adjusted for multiple testing.
Event rates at one year were estimated with the Kaplan-Meier method. 13 Relative risks were calculated by dividing the Kaplan-Meier estimated rate of an event at one year in the early-invasivestrategy group by that in the group assigned to a selectively invasive strategy. The 95 percent confidence interval for the relative risk was calculated with the use of the standard errors from the Kaplan-Meier curve. The significance of differences in event rates between treatment groups was assessed with the use of the log-rank test. Data on patients who were lost to follow-up were censored at the time of the last contact.
A total of 604 patients were randomly assigned to the early invasive strategy and 596 patients to the selectively invasive strategy. Baseline characteristics are shown in Table 1 . The median age was 62 years, about three quarters of the patients were male, and 14 percent had diabetes. Cardiac catheterization was performed during the initial hospitalization in 98 percent of patients in the earlyinvasive-strategy group and 53 percent in the selectively-invasive-strategy group, and in 99 percent and 67 percent, respectively, within one year (Table 2). Within one year, 79 percent of the patients in the early-invasive-strategy group had undergone revascularization, as compared with 54 percent in the selectively-invasive-strategy group. Eighty-eight percent of the percutaneous coronary intervention procedures in both treatment groups combined involved the placement of at least one stent. Medical therapy at discharge was similar between the group assigned to an early invasive strategy and the group assigned to a selectively invasive strategy, except for the use of clopidogrel (61 percent vs. 49 percent, respectively). The incidence of statin use at discharge was very high in both groups (90 percent and 94 percent, respectively).
primary end point
Six patients were lost to follow-up before one year. A total of 263 patients (137 patients in the earlyinvasive-strategy group and 126 patients in the selectively-invasive-strategy group) reached the primary end point. Kaplan-Meier curves for the primary end point are shown in Figure 1 . The estimat-results * Differences between the treatment groups were not statistically significant.
Plus-minus values are means ±SD. † Body-mass index is the weight in kilograms divided by the square of the height in meters. ‡ Cardiac troponin T levels were measured at the clinical chemistry core laboratory on the Elecsys 2010 system (Roche Diagnostics, Germany). Percutaneous coronary intervention 77 (13) 63 (11) Coronary-artery bypass grafting 62 (10) 43 (7) Risk Several baseline clinical features were examined for potential effects in a subgroup analysis. The relative risks were not different among the major subgroups defined according to age, sex, the presence or absence of diabetes mellitus, the presence or absence of ST-segment deviation, or the level of cardiac troponin T (Fig. 2) .
myocardial infarction
Categories of infarct size according to peak CK-MB level are shown in Table 3 . The rate of myocardial infarction among patients with a peak CK-MB level one to three times the upper limit of normal was significantly higher in the early-invasive-strategy group than in the group assigned to a selectively invasive strategy (7.2 percent vs. 4.6 percent, P=0.05). The incidence of myocardial infarction related to percutaneous coronary intervention or coronaryartery bypass grafting was also significantly higher in the early-invasive-strategy group (11.3 percent vs. 5.4 percent, P=0.001). To compare our results with those of previous trials, we applied the definitions of myocardial infarction from the FRISC II 4 and the TACTICS-TIMI 18 5 studies to our data (Table 3). Applying these definitions lowered the rate of infarction. However, the relative risks remained essentially unaltered, and there were no significant differences in the rate of the composite primary end point between the groups, irrespective of the definition of infarction applied.
other secondary end points
The percentage of patients free from anginal symptoms was similar in the early-invasive-strategy group and the group assigned to a selectively invasive strategy (86 percent and 87 percent, respectively). Moreover, the incidence of angina, defined as CCS class I to IV, was similar in the two groups (data not shown). Major bleeding not related to coronary-artery bypass grafting during the index admission occurred in 19 patients (3.1 percent) in the early-invasive-strategy group, as compared with * The median time to percutaneous coronary intervention was 23 hours (25th to 75th percentile, 15 to 44) in the earlyinvasive-strategy group and 283 hours (25th to 75th percentile, 142 to 647) in the group assigned to a selectively invasive strategy. During initial hospitalization, procedures involving percutaneous coronary intervention were performed, accompanied by the use of abciximab, in 94 percent of patients undergoing percutaneous coronary intervention in the early-invasive-strategy group and 75 percent of those undergoing percutaneous coronary intervention in the selectively-invasivestrategy group. Within one year after randomization, 93 percent and 69 percent of procedures, respectively, involving percutaneous coronary intervention were performed, accompanied by the use of abciximab. The new england journal of medicine 1100 10 patients (1.7 percent) in the group assigned to a selectively invasive strategy.
This study did not show that an early invasive strategy was superior to a selectively invasive strategy in patients who had an acute coronary syndrome without ST-segment elevation and who had an elevated cardiac troponin T level. Mortality within one year was low (2.5 percent in both groups), despite the fact that these patients were all considered at high risk. The incidence of myocardial infarction was significantly higher in the early-invasive-strategy group, particularly during hospitalization, confirming the finding of the FRISC II researchers 4 that there is an early hazard associated with early revascularization. The incidence of the primary end point was 22.7 percent in the early-invasivestrategy group, but 21.2 percent in the group assigned to a selectively invasive strategy, which was lower than anticipated. There was no significant difference in the frequency of the primary end point among subgroups defined according to age, sex, the presence or absence of diabetes mellitus, the presence or absence of ST-segment deviation, or the level of cardiac troponin T.
Comparing the results of the present study with those of previous trials is not straightforward, owing to differences in study design, in the risk profile of patients included, in antithrombotic therapy, and in the definition of end points, in particular the definition of myocardial infarction; changes in the practice of invasive therapy (especially the use of stents and glycoprotein IIb/IIIa inhibitors); and the observed contrast between strategies in the rate and timing of revascularization. There are several possible explanations for the observed differences in outcome between the present study and previous trials. First, revascularization rates were high in the two groups in our study (76 percent in the earlyinvasive-strategy group and 40 percent in the selectively-invasive-strategy group during the initial hospitalization, and 79 percent and 54 percent, respectively, within 1 year after randomization) as compared with those in TIMI-IIIb (64 percent vs. 58 percent at 1 year), VANQWISH (44 percent vs. 33 percent at 23 months), FRISC II (71 percent vs. 9 percent at 10 days, and 77 percent vs. 37 percent at 6 months), TACTICS-TIMI 18 (61 percent vs. 44 percent at 6 months), and RITA-3 (44 percent vs. 10 percent during the index admission, and 57 percent vs. 28 percent within 1 year). 14 As in the VANQWISH trial, all patients in our study had evidence of myocardial necrosis, as compared with 58 percent with an elevated troponin level in FRISC II, 54 percent in TACTICS-TIMI 18, and 75 percent in RITA-3. The fact that all patients in the present study were at high risk (as evidenced by an elevated troponin level) may explain the earlier and more frequent revascularization in the group assigned to a selectively invasive strategy in our study. The 40 percent rate of revascularization during the initial hospitalization in the group assigned to a selectively invasive strategy in our study compares well with the 48 percent rate of revascularization in patients with acute coronary syndromes who were admitted to centers with catheterization facilities in the global registry of acute coronary events (the GRACE registry), which reflects real-world clinical practice. 15 Second, as in FRISC II, most myocardial infarctions in the early-invasive-strategy group in our study were procedure-related. 16 The higher incidence of myocardial infarction in this group is driven in large part by relatively small infarctions related to percutaneous coronary intervention that were detected with carefully timed and frequent measurements of CK-MB levels. Moreover, we applied the Joint European Society of Cardiology- The rate of a composite primary end point within one year was 22.7 percent in the group assigned to an early invasive strategy and 21.2 percent in the group assigned to a selectively invasive strategy (relative risk, 1.07; 95 percent confidence interval, 0.87 to 1.33; P=0.33). American College of Cardiology definitions of spontaneous and percutaneous coronary interventionrelated myocardial infarction (peak CK-MB level, greater than the upper limit of normal). 12 Different cutoff levels for infarctions related to percutaneous coronary intervention were used in FRISC II (CK-MB level, >1.5 times the upper limit of normal), TACTICS-TIMI 18 (CK-MB level, ≥3 times the upper limit of normal), and RITA-3 and Superior Yield of the New Strategy of Enoxaparin, Revascularization, and Glycoprotein IIb/IIIa Inhibitors (SYNERGY) (CK-MB level, 2 times the upper limit of normal). The incidence of myocardial in-farction in the early-invasive-strategy group in our study (15.0 percent at 1 year; median time to percutaneous coronary intervention, 23 hours) was similar to that in the recent SYNERGY trial (11.7 percent at 30 days; median time to percutaneous coronary intervention, 23 hours), in which an earlyintervention strategy was used. 17 The prognostic implications of periprocedural myocardial damage are controversial, but some reports suggest that the prognosis of patients with such injury should be regarded as similar to that of patients with spontaneous necrosis. 16, 18, 19 To determine whether the increased incidence of pro-* The tabulations of the composite primary end point include the first event -death, myocardial infarction, or rehospitalization -for each patient. The tabulations of component events include all such events (e.g., under the category "death," all deaths are counted, including those that occurred after a hospitalization or a myocardial infarction). CI denotes confidence interval, ULN the upper limit of normal, FRISC II Fragmin and Fast Revascularization during Instability in Coronary Artery Disease II trial, and TACTICS-TIMI 18 the Treat Angina with Aggrastat and Determine Cost of Therapy with an Invasive Conservative Strategy-Thrombolysis in Myocardial Infarction 18 trial. † The event rate within one year was determined with the use of the Kaplan-Meier curves. ‡ For the assessment of myocardial infarction, the level of the MB isoform of creatine kinase (CK-MB) was measured at 6-hour intervals during the first period of 24 hours or more after admission, after each new clinical episode of recurrent ischemia, and after each percutaneous revascularization procedure. § The FRISC II definition of myocardial infarction is a CK-MB level above the upper limit of normal for spontaneous myocardial infarction and more than 1.5 times the upper limit of normal for myocardial infarction related to percutaneous coronary intervention. ¶ The TACTICS-TIMI 18 definition of myocardial infarction is a CK-MB level above the upper limit of normal for spontaneous myocardial infarction or more than three times the upper limit of normal for myocardial infarction related to percutaneous coronary intervention. The new england journal of medicine 1102 cedure-related myocardial infarction in the earlyinvasive-strategy group in our study eventually results in a worse prognosis will require long-term follow-up. Regardless of the definition of myocardial infarction in our study, we could not demonstrate a significant difference in the incidence of the composite primary end point between the two treatment strategies. Third, the incidence of myocardial infarction in the group assigned to a selectively invasive strategy was lower than expected. We incorporated recent advances in background medical therapy, such as the use of abciximab at the time of percutaneous coronary intervention procedures, the early use of clopidogrel, and intensive lipid-lowering therapy, which have been shown to improve outcomes in patients who have acute coronary syndromes without ST-segment elevation. 10, 20 This may partially explain the lower-than-expected event rate in the group assigned to a selectively invasive strategy.
Finally, all procedures were performed in high-volume centers with facilities for cardiac surgery on site, resulting in a low overall mortality, including a low mortality related to coronary-artery bypass grafting. In our view, advances in background medical therapy in combination with better detection of myocardial infarctions with frequent, carefully timed measurements of CK-MB levels best explain the differences between our results and those of previous trials. The 2003 European Society of Cardiology guidelines were published during the study enrollment period. Physicians familiar with the guidelines would probably be inclined to favor performing angiography in most patients with an elevated cardiac troponin T level. As a result, physicians participating in our study might have enrolled lowerrisk patients than would otherwise have been included. However, baseline characteristics suggest that we studied a high-risk population, with more than one third of the patients already taking aspirin, more than half having ischemic changes as as- sessed by electrocardiography, and all having an elevated cardiac troponin T level as confirmed with core laboratory analysis. We did not find the expected 25 percent reduction in the cumulative rate of the primary end point with an early invasive strategy as compared with a selectively invasive strategy. As a result, the confidence interval around the relative risk of the composite end point of death, myocardial infarction, or rehospitalization for angina was 0.87 to 1.33, corresponding to a possible reduction in risk of 13 percent (or an increase in risk of 33 percent) with an early invasive strategy. However, the point estimate for the relative risk (1.07) actually favors the selectively invasive approach, and even the most substantial advantage of early invasive management consistent with our data is much less than that estimated in previous large trials.
Among patients with acute coronary syndromes without ST-segment elevation who have an elevated cardiac troponin T level, we could not demon-strate that an early invasive strategy was superior to a selectively invasive strategy. These results were obtained with the use of contemporary medical therapy that included low-molecular-weight heparin, glycoprotein IIb/IIIa inhibition at the time of percutaneous procedures, clopidogrel, and intensive lipid-lowering therapy.
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